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rule: METHODS FOR THE ISOTHERMAL .AMPLIFICATION OF NUCLEIC ACID MOLECULES 



(f'n Abstract 

Methods for amplifying a nucieic acid niolecule 
which employs a single primer, and in which the amplinca- 
tion is penormed under isothermal conditions. The inven- 
rion aiso includes kits containing reagents for conducting 
Che method. Tr.e ilgure shows the twin ongin "roiling circle" 
repiicon rhat resuks from the extension of two primers dur- 
ing :he ampiiucaiion of a single-stranded circular molecule. 
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METHODS FOR THE 
ISOTHERKAL AMPLIFIGATTON OF NnCT.-pTTr ACTD HOLECHLES 

FIZLD OF THE INVENTIOK 

The present invention is in tiie field of 
recciibinant DNA techno Icgy. This invention is dirac:ied 
to a process for amplifying a nucleic acid nolecule, and 
to the nclecuies er:p loved and produced through this 
process. 

CROSS* t^EFZRSyCS ^ ^^.AT-SD APPLICATIONS 

This application is a continuation-in-part of 
United States Patent Applications Serial Nos, 
07/924,543, filed August 4, 1992 (ahandoned) and 
07/933,945, filed August 24, 1992. 

BACKGHOUm OF THE INVrjrTTOM 

Assays capable of detecting the presence of a 
particular nucleic acid molecule in a sanple are of 
substantial importance in forensics, medicine, 
epidemiology and ptiblic health, and in the prediction 
and diagnosis of disease. Such assays can be used, for 
example, to identify the causal agent of an infectious 
disease, to predict the likelihood that an individual 
will suffer from a genetic disease, to determine the 
purity of drinJcing water or miUc, or to identify tissue 
samples • The desire to increase the utility and 
aoolicability of such assays is often frustra^ied by 
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assay sensitivity. Hence, it would be highly desirable 
to devaloD more sensitive detection assays. 

The usefulness of a detection assay is often 
limited by the concentration at which a particular 
5 target nucleic acid znclecule is presenr in a sample. 
Thus, methods that are capable of amplifying the 
concentration of a nucleic acid molecule have been 
developed as adjuncts to detection assays. 

One method for overcoming the sensitivity 

10 limitation of nucleic acid concentration is to 
selectively amplify the nucleic acid molecule whose 
derection is desired prior to performing the assay. 
Recombinanu DNA methodologies capable of amplifying 
purified nucleic acid fragments in vivo have long been 

15 recognised. Typically, such methodologies involve the 
introduction of "he nucleic acid fragment inro a DNA or 
SNA vector, the clonal amplification of the vector, and 
the recovery of the amplified nucleic acid fragment. 
Examples of such methodologies are provided by Cohen et 

20 aLu (U.S. Patent 4,237,224), Maniatis, T. et al., 
Molecular Cloninc (A Laboraror^/ Manual) . Cold Spring 
Harbor Laboratory, 1932, etc. 

In many instances in clinical medicine and 
diagnostics, however, the concentration of a target 

25 species in a sample under evaluation is so low that it 
cannot be readily cloned. To address such situations, 
methods of in vitro nucleic acid amplification have been 
developed that employ template directed extension. In 
such methods, the nucleic acid molecule is used as a 

3 0 template for extension of a nucleic acid primer in a 
reaction catalyzed by polymerase. 

One such template extension method is the 
"polymerase chain reaction" ("?CR"), which is among the 
most widely used methods of DMA amplification (Mullis, 

35 K. et al.. Cold SnT-ina Harbor Svmp. Quant. Biol . 5J^:263- 
273 (1986); Erlich H. et al, , E? 50,424; E? 84,796, HP 
258,017, E? 237,362; Mullis, K. , E? 201,134; Mullis K. 



et_ai^, US 4,633,2 02; Eriicil, H. , US 4,532,733; SaiJci, 
R- et — al^, us 4, 683,194 and Higuchi, R. tpcR 
Tecimology, shrlich, H. ( ed .),■ StocJcton Press , NY, 
1989, pp 61-53), which references are incorporated 
herein by reference) . 

The polymerase chain reaction can be used to 
selectively increase the concentration of a nucleic acid 
molecule even when that molecule has not been previously 
purified and is present only in a single copy in a 
particular sample. The method can be used to amplify 
either single- or double-stranded DNA. The essence of 
the method involves the use of two oligonucleotides to 
serve as primers fcr the template-dependent, polymerase 
mediated replication of the desired nucleic acid 
molecule. 

The precise nature of the two oligonucleotide 
primers of the PC? method is critical to the success of 
the method. As is well known, a molecule of DNA or RNA 
possesses directionality, which is conferred through the 
3 1 -> 3 • iijt!{;age of the sugar-phosphate bacicbone of the 
molecule- Two DNA or RNA molecules may be linked 
together through the formation of a phcsphodiester bond 
between the terminal 5' phosphate group of one molecule 
and the terminal 3' hydroxyl group of the second 
molecule. Polymerase dependent amplification of a 
nucleic acid molecule proceeds by the addition of a 5* 
nucleoside triphosphate to the 3 • hydroxyl end of a 
nucleic acid molecule. Thus, the acrion of a polymerase 
extends the 3' end of a nucleic acid molecule. These 
inherent properties are exploited in the selection of 
the two oligonucleotide primers of the PCR. The 
oligonucleotide sequences of the two primers of the PGR 
method are selected such that they contain sequences 
identical to, or complementary to, sequences which flank 
the sequence of the particular nucleic acid molecule 
whose amplification is desired. More specifically, the 
nucleotide sequence of the "first" primer is selected 
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sucii that: it is capaile of hybridizing zo an oligonuc- 
leotide sequence located 3 ' to the sequence of the 
desired nucleic acid molecule that is to be amplified/ 
whereas the nucleotide sequence of the "second" primer 
is selected such that it conrains a nucleo"cide sequence 
identical to one present 5* to the sequence of the 
desired nucleic acid molecule that is to be amplified. 
Both primers possess the 3 ' hydroxyl groups which are 
necessary for enzyme mediated nucleic acid synthesis. 

In the polymerase chain reaction, the reaction 
conditions musr be cycled between those conducive to 
hybridization and nucleic acid polymerization, and those 
which result in the denaturation of duplex molecules. 
In the firsz szap of the reaction, the nucleic acid 
molecules of the sample are transiently heated, and then 
cooled, in order to denature any double stranded 
molecules that may be present. The "firsz" and "second" 
orimers are then added to the sample at a concentration 
which greatly exceeds that of the desired nucleic acid 
molecule. When the sample is then incubated under 
conditions conducive to hybridization and polymeriza- 
tion, the "firsc" primer will hybridize to the nucleic 
acid molecule of the sample at a position 3 ' ' to the 
seouence of the desired molecule to be amplified. If 
the nucleic acid molecule of the sample was initially 
double stranded, the "second" primer will hybridize to 
the complementary strand of the nucleic acid molecule at 
a position 3 ' to the sequence of the desired molecule 
that is the complement of the sequence whose amplifi- 
cation is desired. Upon addition of a polymerase, the 
3' ends of the "first" and (if the nucleic acid molecule 
was double srranded) "second" primers will be extended. 
The extension of the "first" primer will result in tlie 
synthesis of a DNA molacule having the exact sequence of 
the complement of the desired nucleic acid. Exte.nsion 
of the "second" primer will result in the synthesis of 



a DNA molecule having the exacr sequence of the desired 
nucleic acid. 

The PGR reaction is capable of exponentially 
amplifying the desired nucleic acid sequences, with a 
near doubling of the number of molecules 'having the 
desired sequence in each cycle. This exponential 
increase occurs because the exiiension product of the 
"first" primer contains a sequence which is complemen- 
tary to a sequence of the "second" primer, and thus can 
serve as a template for the production of an extension 
product of the "second" primer • Similarly, the 
extension product of the "second" primer, of necessity, 
contain a secuence which is comolementarv to a secuence 
of the "firsr" orimer, and thus can serve as a temolate 
for the production of an extension product of the 
"first" primer. Thus, by permitting cycles of 
hybridization, polymerization, and denaturarion, an 
exponential increase in the concentration of the desired 
nucleic acid molecule can be acnieved. Reviews of the 
polymerase chain reaction are provided by Mullis, K.3. 
f Cold Spring Harbor Svrno, Quant. Biol. 51:263-273 
(1986)); Saiki, et al. r sio /T^tchnolocr/ 3:1008-1012 

(1985)); and Mullis, K.3., er al. f Met. Snzvmol. 
155.:335-350 (1937), which references are incorporated 
herein by reference) • 

PGR technology is useful in tiiat it can achieve the 
rapid and extensive amplification of a polynucleotide 
molecule. However, the method has several salient 
deficiencies. First, it requires the preparation of two 
d.if f srent primers which hybridize to two oligonucleotide 
sequences of the target sequence flanking the region 
that is to be amplified. The concenuration of the two 
primers can be rate limiting for the reaction. Although 
it is not essential that the concentration of the two 
primers be identical, a disparity between the 
concentrations of the two primers can greatly reduce the 
overall vield of the reac-ion. 

4 
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A ftirther disadvantage of tlie PGR reaciiion is tiiat 
when two different primers are used, tiie reacrion 
conditions chosen must be such that both primers "prime" 
with similar efficiency* Since the two primers 
necessarily have different sequences, this requirement 
can constrain the choice of primers and require 
considerable experimentation. Furthermore, if one tries 
to amplify two different sequences simultaneously using 
PGR (i^e. using two sets of two primers) , the reaction 
conditions must be optimized for four different primers • 
A further disadvantage of PGR is that it requires 
the thermocycling of the molecules being amplified. 
Since this thermocycling requirement denatures 
conventional polymerases, it thus requires the addition 
of new Dolvmerase at the commencement of each cvcle- 
The requirement for additional polymerase increases the 
expense of the reaction, and can be avoided only through 
the use of thermostable polymerases, such as Tag 
oolymerase. Moreover, the thermocycling requirement 
actenuatas the overall rate of amplification because 
further exransion of a primer ceases when the sample is 
heated to denature double-stranded nucleic acid 
molecules. Thus, to the extent that the extension of 
any primer molecule has not been completed prior to the 
next heating s-ep of the cycle, the rate of 
amplification is impaired. 

Other Icnown nucleic acid amplification procedures 
include transcription-based amplification systems (Kwch 
D. et_al., Proc, Natl. Acad. Sci. m.S.A.^ 16-1173 
(1989); Gingeras T.R- et al . . PCT appl. WO 88/10315 
(priority: US Patent applications serial nos. 064,141 
and 202,973); Davey, C. et al .. European Patent 
Application Publication no. 329,822; Miller, H.I. et 
al. , PCT appl. WO 89/06700 (priority: US Patent 
application serial no. 146,462, filed 21 January 1983)) , 
and "race" (Frohman, M.A., In: PGR Protocols: A Guide to 
Methods and Applications, Academic Press, NY (1990)) and 



"one-sided ?CR" (Ohara, o. et: al . . Proc. Natl. Ac^d. 
ISl^ QLuS.iA^ 3_6: 5573-5577 (1939)). 

Merhods based on ligation of two (or mora) oligo- 
nucleotides in the presence of nucleic acid having the 
sequence of the resulting "di-oligonucleotide" , thereby 
amplifying the di-oligonucleotide, are also known (Wu, 
D.Y. et al . , Genonics 4:560 (1939)). 

An isother3:al amplification method has been 
described in which restriction endonucleases and ligases 
are used to achieve the amplification of target 
molecules than contain nucleotide 5'-[a- 
thio] triphosphates in one strand of a restriction site 
(WalJcer, G.T. en al . , Proc. Narl. Acad. Sci. fJJ.S.X.) 
19:392-396 (1992) ) . 

All of the above amplification procedures depend on 
the principle that an end-product of a cycle is 
functionally identical to a srarizing material. Thus, bv 
repeating cycles, the nucleic acid is amplified 
exponentially . 

Methods that use thermocycling, e.g. ?CR or Wu, 
D.Y* et al. . Gencmics 4:560 (1989)), have a theoretical 
maximum increase of product of 2-fold per cycle, because 
in each cycle a single product is made from 'each 
template. In practice, the increase is always lower 
than 2-fold. Further slowing the amplification is the 
time spent in changing the temperature. Also adding 
delay is the need to allow enough time in a cycle for 
all molecules to have finished a step. Molecules that 
finish a step quicJcly must "wait" for their slower 
counterparts to finish before proceeding to the next 
step in the cycle; to shorten the cycle time would lead 
to skipping of one cycle by the "slower" molecules, 
leading to a lower exponent of amplification. 
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SUMMARY OF THE imTENTIOW 

The present invention concerns a method for 
achieving the amplification of a nucleic acid molecule 
using a single primer, under isothermal conditions. 
5 In detail, the invention provides a method for 

amnlifying a desired sequence of a target nucleic acid 
molecule, the sequence having a 3 ' region, comprising 

the steps of: 

A) incubating the target molecule in the 

10 Drssence of a primer nucleic acid molecule, the 

molecule being capable of hybridizing to the 3 * 
region of the desired sequence, to thereby i^rm a 
orimer extension orcducr that has a 3' terminus; 
3) adapting the 3 ' terminus of the primer 

15 extension product to contain an inverted repeated 

sequence, the sequence being sufficient to permit 
a nucleic acid molecule having a recessed 3 * 
terminus to form from the inter-strand 
hybridization of the inverted repeated sequences; 

20 C) incubating the nucleic acid molecule of 

step B iinder conditions sufficient to permit the 
template dependent extension of the 3' terminus, to 
thereby form a double-stranded molecule having at 
least one 3' terminus and one 5' terminus; 
25 D) adapting at least one of the 3 ' terminus 

and at least one of the 5* terminus to contain a 
recombinational site; 

E) incubating the adapted double-stranded 
molecule in the presence of a recombinase under 

3 0 conditions sufficient to form an amplifiable 

circular molecule containing the desired sequence; 
and 

F) incubating the amplifiable circular 
molecule in the presence of a primer under 

3 5 conditions sufficient to permi* the template 



dependent extension of a primer, the extension 
thereby amplifying the desired sequence. 
The invention particularly concerns the embodiment 
of the above method wherein at least two double-stranded 
adaored molecules are formed, or wherein the 
recombinational site is a loxP site and the recombinase 
is Cre, 

The invention further concerns the embodiments of 
the above method (1) wherein in step the inverted 
repeated sequence is a recombinational site, (2) wherein 
in step B, the 3' terminus is adapted by hybridizing the 
orimer extension nroduct to a nucleic acid 3 ' adapter 
aolacula having a saquence tiiat: is complenen-tary tha 
secuenca cf the 3' tiaminus, and containing invsrzsd 
reoeated secuences, separated by a spacer sequence, or 
(3) wherein in srep 3, the 3' terminus is adapted by 
ligating the primer extension product to a nucleic acid 
3 ' adaptor molecule having a sequence that contains the 
inverted repeated sequences, separated by a spacer 
secruence. The soacer sequence may contain a primer 
binding site which may contain inverted repeated 
secuences, such that the adaptor molecule contains 
exTiernal inverted repealed sequences, separated by a 
spacer sequence that contains inrernal inverted repeated 
sequences . 

The invention also includes the embodiments cf the 
above methods wherein two nucleic acid adaptor molecules 
are employed, the molecules having the same internal 
inverted repeated sequences, and a different external 
inverted repeated sequence* 

The invention also includes the embodiments of the 
above methods wherein the adaptor molecule is at least 
partially SNA, or is at least partially biorinylated, 
The invention also includes the eiabodiments of the above 
methods wherein the adaptor molecule is single- stranded, 
or wherein the adaptor molecule is partially single- 
stranded and partially double-stranded. 



wo 94/03624 



PCr/US93/0730^ 



- 10 - 

Tiie invention part:icularly concerns the embodiinents 
of the above methods wherein the doxible-stranded 
molecule formed in step C has a single 3 * terminus and 
a single 5' terminus, and wherein step D is performed 
5 either by adapting the 5 ' terminus of the primer to 
contain a sequence^ which, in double-stranded form 
comprises the recambinationai site, and forming the 
recombinational site by template-dependent extension, or 
by ligating a double-stranded sequence comprising the 
10 recombinational site to a 3 ' and a 5' terminus of the 
double-stranded nucleic acid molecule of step C, 

The invention also provides a double stranded 
nucleic acid molecule comprising a single 3 ' and a 
single 5' terminus, a desired sequence, a sequence 
15 complementary to the desired sequence, and a 
recombinational site. 

The invenrion also provides a kit, being specially 
adaoted to contain in close compartmentalization: 
a first conrainer which contains either 
20 i) a nucleic acid molecule comprising a 

single-stranded sequence which in double- 
stir anded form would comprise a 
recombinational site, or 
ii) a nucleic acid molecule whose sequence 
25 comprises a recombinational site; 

and a second container which contains either 

i) a partially single-stranded, pairtially 
double-stranded nucleic acid molecule, or 

ii) a single-stranded nucleic acid molecule, 
3 0 the molecule being capable of adapting the 3' 

terminus of a desired molecule to contain an 

inverted repeated sequence; 
and optionally, a third containing a recombinase 
suitable for catalyzing the recombination of the 
3 5 recombinational site sequence of the first 

container . 



BRIEF nHSCRIPTTON OF THE FIGURES 



Figure i shows examples of suitaisle 5 * adaptior 
molecules. 

Figure 2 shows examples of suitable 3 * adapter 
molecules. 

Figure 3 shows the adaptation of the 3 ' terminus of 
the primer extension product. Lines A, 3 stnd C of 
Figure 3 illustrate the use of different adaptor 
molecules to modify the 3' terminus of the primer 
extension product through further primer extension. 
Line D of Figure 3 shows the use of ligation to modify 
the 3 ' terminus . 

Figure 4 shows the formarion of double-stranded 
circular molecules from linear molecules adapted using 
adaptor molecules that contain a reccmbinacional site. 

Figure 5 shows the formation of hairpin loop 
molecules from the adaptation of the primer extension 
product with a 3 ' adaptor molecule having an inver^ced 
repeated sequence. 

Figure 6 shows the formarion of "bow-tie" molecules 
from the adaptation of the primer, extension product with 
a 3 ' adaptor molecule having a pair of nested inverrad 
repeated sequences . 

Figure 7 shows the conversion of hairpin loop and 
"bow-tie" molecules having directly repeated 
recambinational sites into single strand circular 
molecules. 

Figure 3 shows the amplification replicons of the 
present: invention. Figure 8 A shows the twin origin 
"rolling circle" replicon that results from the 
extension of zvo primers during the amplification of a 
single-stranded circular molecule. Figure 83 shows the 
9 and "rolling circle" replicons that result from the 
amplification of a double-stranded circular molecule. 
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m?TATT.ED DESCRIPTTQN OF THE INVENTION 
I, TZPMINOLOGY OF TH2 INVENTION 

The present invention provides a metiacd for 
amplifying a "desired" nucleic acid molecule that is 
5 present in a sample. Such samples may include 
biological samples derived from a human or other animal 
source (such as, for example, blood, stool, sputum, 
mucus, serum, urine, saliva, teardrop, a biopsy sample, 
an histology tissue sample, a PAP smear, a mole, a wart, 

10 an agricultural product, waste water, drinJcing water, 
mii:<,' processed foodstuff, air, etc.) including samples 
derived from a bacterial or viral preparation, as veil 
as other samples (such as, fcr example, agricultural 
products, waste or drinicing wacer, miHc or other 

15 processed foodstuff, air, etc.). 

As used herein, the terri "desired nucleic acid 
molecule" is intended to refer to the nucleic acid 
molecule that is to be amplified by the present methods. 
The "desired" molecule can have been purified, or 

20 partially purified, or may be present in an unpurified 
state in the sample, A nucleic acid molecule that 
contains the "desired" molecule is said to be a "target" 
molecule. 

As used herein, the term "amplification" refers to 
25 a "template-dependent: process" that results in an 
increase in the concentration of a nucleic acid molecule 
relative to its initial concentration- As used herein, 
the term "template-dependent process" is intended to 
refer -to a process that involves the template-dependent 
30 extension of a primer molecule. As such, the term 
amplification, as used herein, is intended to exclude 
vector-mediated propagation of the type described by 
Cohen et al, (U.S. Patent 4,237,224); Maniatis, T. et 
ai. , Y MolecuI^^^ Cloning A Laboratorv Manual , Cold Spring 
35 Harbor Laboratory, 1932), ere. The term "template 



dependent process" refers to nucleic acid synthesis of 
RNA or DNA wherein the sequence of the newly synthesized 
strand of nucleic acid is dictated by the well-known 
rules of ccmplemen-cary base pairing (see, for example, 
Watson, J*D. et al . , In: ^folgcular Biolocrv of the Gane . 
4th Ed., W.A. Benjanin, Inc. , Menlo Park, CA (1987)). 
As used herein, a sequence of one nucleic acid molecule 
is said to be the "complement" of another if it contains 
a T (or U) , A, C, or G at a position in which the other 
molecule contains an A, T (or U) , G or C, respectively. 

The present invention employs a variety of 
different enzymes to accomplish the amplification of the 
desired nucleic acid molecule, A "nolvmerasa'' is an 
enzyme tha- is capable of incorporating nucleoside 
triphosphates to exrend a 3 ' hydroxy 1 terminus of a 
"primer molecule." As used herein, a "primer" or 
"primer molecule" is a nucleic acid molecule, that when 
hvbridized to a nucleic acid molecule, Dcssesses a 3' 
hydroxy 1 terminus that can be extended by a polymerase. 
Polymerase enzymes are discussed in Watson, J.D. at al . > 
In: Molecular Biolocv of the Gene . 4th Sd. , W.A. 
Benjamin, Inc., Menlo Park, C\ (1987), which reference 
is incorporated herein by reference, and similar texts. 
Examples of DNA polymerases that can be used in 
accordance with the methods described herein include 2. 
coli DNA polymerase I, the large proteolytic fragment of 
coli DNA polymerase I, commonly known as "Klenow" 
polymerase, "Taq" polymerase, T7 polymerase, T4 
polymerase, T5 polymerase, reverse transcriptase, etc. 

Polymerases exhibiting process ivity (the capacity 
to continue the extension of a particular primer to 
thereby produce an extension product of significant 
length) are preferred. 

In several of the embodiments of the present 
invention, amplification is achieved by extending a 
hybridized primer on a single-stranded DNA template that 
is base paired to itself. Thus, polymerases capable of 
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mediating such primer extension are particularly 
preferred. Examples of preferred polymerases tiius 
include T5 DNA polymerase (Chatter jee, D.K. et al», Gene 
97:13-19 (1991), T4 polymerase, and T7 polymerase. 
5 Where a DNA polymerase does not displace a base-paired 
stand of a DNA molecule and extend a primer into the 
previously base-paired region with sufficient 
efficiency, such capacity may be facilitated by the 
addition of an accessory protein. For example, the 

10 capacity of T7 polymerase to displace a strand of a 
base-paired molecule is enhanced by the presence of T7 
gene 4 protein (Kolodner, R. et al. , J. 3iol. Chem 
253:574-534 (1973)). Similarly, T4 DNA polymerase can 
catalyze e.xtensive primer expansion if the reaction 

15 additionally contains T4 gene 32 protein (Gillin, r.D. 
et al . , .T. qiol. Chem 251 :5219-5224 (1975)). Use of the 
T7 promorer and gene 4 protein, however, has the 
advantage that the gene 4 protein is used catalytically 
rather than stoichiometrically during the primer 

20 extension. 

In some embodiments of the invention, amplification 

is achieved by extending a hybridized primer on a DNA 

template of a double-stranded DNA molecule composed of 

two separable strands. T.hus, in such embodiments, 

25 polymerases capable of mediating such primer extension 
are preferred. Examples of preferred polymerases thus 
include the polymerases cited above. The capacity to 
extend primer molecules using such doubl'e-stranded DNA 
templates may be facilitated through the addition of 

30 topisomerases and/or gyrases (Zki, T. et al ., J. Biol. . 
Chem 266 :3087-3100 (1991); Parada, C.A. et al . , J- Biol. 
Chem 264:15120-15129 (1989)). 

When an enzymatic reaction, such as a 
polymerization reaction, is being conducted, it is 

3 5 preferable to" provide the components required for such 
reaction in "excess" in the reaction vessel. "Excess" 
in reference to components of the amplification reaction 
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rafers to an amount: of each camponent such that the 
ability to achieve the desired amplification is not 
substantially limited by the concentration of that 
component* 

A "ligase" is an enzyme that is capable of 
covalently linking the 3 * hydroxyl group cf a nucleotide 
to the 5' phosphate group of a second nucleotide. 
Ligases capable of joining "blunt ended" or "staggered 
ended" doubles-stranded nucleic acids, may be employed. 
Examples of suitable ligases include E. coli DNA ligase, 

T4 DNA ligase, etc* 

The present invention employs a "recombinasa, " and 
mos" oraferably, a "sita-specif ic recombinase. " As used 
herein, a recombinase is an enzyme whose action on tvc 
nucleic acid molecules results in recombination between 
the two molecules. Recombination is a well-SwUdied 
natural process which results in the scission of two 
nucleic acid molecules having identical or substantially 
similar secuences (i.e, "homologous"), and the ligation 
of the two molecules such that one region of each 
initially oresent molecule becomes ligated to a region 
of the other initially present molecule (Sedivy, J.M. , 
Bio-Technol. 6:1192-1196 (1988), which reference is 
incorporated herein by reference) . Recombinases are 
naturally present in both prolcaryotic and eucaryotic 
cells (Smith, G,R. , In: Lambda II . (Hendrix, R. et al, , 
Eds.) , Cold Spring Harbor Press, Cold Spring Harbor, NY, 
pp. 175-209 (1933), herein incorporated by reference)). 

Two types of recombinational reactions have been 
identified. In the first type of reaction, "general" or 
"homologous" recombination, any two homologous sequences 
can be recoanized bv the recombinase (i.e. a "general 
recombinase"), and can thus act as substrates for the 
reaction. In contrast, in the second type of 
recombination, termed "site-specific" recombination, the 
recombinase can catalyze recombination only between 
certain soecialized "recombinational sites." Thus, in 
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"site-specific rscombina-cian, " only homologous molecules 
having a particular sequence may act as sxiistrates for 

the reaction. 

Site specific recombination is thus mediated by a 
5 site-STDecif ic recombinase acting on tvo "recombinational 
sites." Several such site-specific recombination 
systems have been described. The most preferred site 
specific reconbinational system is the site-specific 
recombination system of the E. coli bacteriophage Pi. 

10 The PI bacteriophage cycles between a quiescent, 
lysogenic state and an active, lytic state. The 
bacteriophage's site-specific recombination system 
catalyzes rhe circularization of PI DNA upon its entry 
into a hosw cell. It is also involved in the breaJcdown 

15 of dimeric ?1 DNA molecules which may form as a result 
of replication or homologous recombination. 

The ?1 site-smecif ic recoiibination system catalyzes 
recombination between specialized sequences, known as 
"loxP" secuences. The loxP site has been shown to 

20 consist of a double-srranded 34 bp sequence. This 
sequence contains two 13 bp inverted repeated sequences 
which are seoarated from one another by an 3 bp spacer 

region (Hoess, R. al. , Proc. Nat;. — h£S^ — Sci^ 

ru.S.A.) 79:3398-3402 (1982); Sauer, 3.L. , U.S. Patant 

25 No. 4,959,317, herain Lncorporatad by raf arence) . 

The recombination is mediated by a Pl-encoded 
protain Icnown as "Cre" (Hamilton, D.L. et al. , J. Molec. 
Biol. 173:481-436 (1984), herein incorporated by 
rsf erencs) . Tiie era protain mediates recombination 
30 between two loxP sequences (Sternberg, N. et_aLi. , £old 
Soring Harbor SvTno - Quant. Biol. 45:297-309 (1981)). 
These saquences may be present on the same DNA molacula, 
or they may be present on different molecules. Cre 
protain has a molecular weight of 35,000. The protein 
35 has been purified to homogeneity, and its reaction with 
the loxP sita has been extensively characterized 
(Abramsici, K. et al .. 7 Mni^r. Riol. 259:1509-1514 



(1984) , herein incorporated by reference) . The era gene 
(which encodes the Cre protein) has been cloned 
(Abremslci, K. et al.. Cell 32:13 01-1311 (1983), herein 
incorporated by reference) . Cre protein can be obtained 
cosmercially from New England Nuclear/ Bupont. 

The site specific recombination catalyzed by the 
action of Cra protein on two loxP sites is dependent 
only upon the presence of the above-described thirty- 
four base pair long loxP site and cre. No energy is 
needed for this reac::ion; thus, there is no requirement 
for ATP or other similar high energy molecules. 
Moreover, no factors or proteins other than the Cra 
protein is required in-order to mediate sita specific 
recombination at lox? sites (AiramsJci, X. et al . . 
Molec. Biol. Chein> 259 :1509-1514 (1934)), In vitro , the 
reaction is highly efficient; Cre is able to convert 70% 
of the DNA substrate into produces and i" appears to act 
in a stoichiometric manner (Abremski, K. et al .. j, 
Mclec. 3iol. Chem. 259 : 1509-1514 (1984) ) . 

Cre-msdiated recombination can occur between IcxP 
sites which are present on two different molecules. 
Because the internal spacer sequence of the loxP site is 
asymmetrical, two loxP sites exhibit directionality 
relative to one another (Hoess, R.H, et al , . Proc. Natl. 
Acad> S ci. ru.s.A,^ £1:1026-1029 (1934)). If the loxP 
sites are in the same relative orientation, Cre acts to 
excise and circularize the DNA between them. If the 
sites are in an opposite relative orientation, cre acts 
to flip the DNA between them* The recombinational event 
works efficiently on linear or circular molecules 
(Abremski, K. et al >. Cell 32.: 1301-1311 (1983); 
Abremski, K. et al > , J. Molec, Biol, Chain- 2gi!:^9i-2Qg 
(1986) ) . 

The nature of the interaction between Cre and a 
loxP sita has been extensively studied (Hoess, R,P. et 
al , . Cold Soring. Harb> Svrnp. Quant. Biol. 49:761-763 
(1984), herein incorporated by reference). In 



pcLirtiicular , mutations have been produced botii in Cre, 
and in the loxP site. 

The Cre mutants thus far identified have been found 
to catalyze recombination at a much slower rate than 
that of the wild-type Cre prorein. loxP mutants have 
been identified which recombine at lower efficiency than 
the wild-type site (AbremsJci, K. et al . . J . Mole c. Biol. 
Chem. 261 :391-296 (1986); Abramslci, K. et a^., J. Molec, 
Biol, 202:59-66 (1983), herein incorporated by 
reference) . 

Experiments with mutant loxP sites in which either 
the left or right inverted repeat had been removed, has 
revealed that Cre is capable of binding to partial IcxP 
sites, but is incapable of mediating efficient 
recombination between such sites. Insertions La the 
spacer region impair the ability of Cre to catalyze 
recombination. Of particular interest to the present 
invention is the use of a loxPSll mutant site. 

The Cre protein is capable of mediating loxP - 
specific recombination in eucaryouic hosts, such as 
Saccharomvces csrevisiae (Sauer, 3-, Molec. Cell> 3iol. 
7:2087-2096 (1937); Sauer. 3.L. , U.S. Patenz No- 
4,959,317, herein incorporated by reference), or 
mammalian cells (Sauer, B. et al .. Proc. Natl. Acad. 
Sci, ru,S.A, ) 81:5155-5170 (1988), Sauer, 3. et a;>. 
Nucleic Acids Res. 17:147-161 (1989), both references 
herein incorporated by reference) . 

Significantly, the lo2c2-Cre system can mediate 
site-soecif ic recombination between loxP sites separated 
by extremely large numisers of nucleotides (Sauer, 3. et 
al. , Gene 20:331-341 (1988); Sternberg, N., Proc. Kati., 
Acad. Sci- ru.S.A.t 87:103-107 (1990); Sauer, B. e- al. , 
Proc. Natl- Acad. Sci. ru.S.A.^ 84:9108-9112 (1937); 
Palazzolo, M.J. et al . . Gene 83:25-36 (1990), all herein 
incorporated by reference) . 

It has been found that certain coLi enzymes 

inhibit efficient circularization of linear molecules 



which contain two loyp sitss. Hence, enhanced 
circular ization efficiency can be obtained through the 
use of S> coli mutants which lack exonuclease V activity 
(Sauer, B. et al , , Gene 70:331-341 (1988)). 

Although the Crs- lcxP site-specific reccmbinaticn 
system is preferred, alternative site-saecif ic 
recombination systems have been identified, and can be 
used in accordance with the methods of the present 
invention. 

For example, the site-specific recombination system 
of the E. coli bacteriophage \ (Weisberg, R. et al . , In: 
Lambda II . (Hendrix, R. et al . , Eds.), Cold Spring 
Harbor Press ^ Cold Spring Harbor, NY, pp. 211-250 
(1933), herein incorporated by reference) can be 
employed. Bacteriophage \ uses this recombinaticnal 
system in order to integrate its genome into its host, 
the bacterium coli . The svstem is also emcloved to 
excise the bacteriophage from " the host genome in 
preparation for virus' lytic growth. 

The \ recombination system is composed of four 
proteins- Int and Xis, which are encoded by the virus, 
and two host factors encoded by the 5, coli . These 
proteins catalyze site-specific recombination between 
"att" sites- 

The X Int protein (together with the S. coli host 
integration factors) will catalyze recombination between 
" attP " and " att3 " sites. If the attP sequence is 
present on a circular molecule, and the attB site is 
present on a linear molecule, the result of the 
recombination is the disruption of both att sites, and 
the insertion of the entire attP -containing molecule 
into the att 3 site of the second molecule. The newly 
formed linear molecule will contain an attL and an attR 
site at the termini of the inserted molecule. 

The X Int enzyme is unable to catalyze the excision 
of the inserted molecule. Thus, the reaction is 
unidirectional- In the presence of the X Xis protein, 
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the reverse reaction can proceed, and a site-specific 
recombinational event will occtir between the attR and 
attL sites to regenerate the initial molecules. 

The nucleoride sequence of both the Int and Xis 
proteins are Iciiown, and both proteins have been purified 
to homogeneity. Both the integration and the excision 
reaction can be conducted in vitro. The nucleotide 
sequences of the four att sites has also been determined 
(Weisberg, R- sr_al. , In: Lambda II, (Hendrix, R. et 
al., Eds.), cold Spring Harbor Press, Cold Spring 
Harbor, IIY, pp. 211-250 (1983) , which reference has been 
herein incorporated by reference) . 

Additional site-specific recombination systems that 
may be employed include Tpnl and the ^-lactamase 
15 transposons (Levesque, R-C, T. Bactariol. 172:3745-3757 
(1990)); the Tn3 resolvasa (Flanagan, P.M. Qt. al ., 
Molac. aiol- 206:295-304 (1989); Stark, W.M. et__ai. , 
Call 58:779-790 (1939)); the yeast recombinases 
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30 



(Matsuzalci, H. 



St ai., .T. B^gtariol. 172:610-618 



(1990)); the =t. subtilis SpoIVC recombinase (Sato, T. 
al., .T. Qaetariol. 122:1092-1-098 (1990))/ the Fl? 
recombinase (Schwartz, C.J. et al., ,T. >^o1ec. 3icl. 
205:647-653 (1989) ; Parsons, R-L. et_al. , .T. Biol'. Chem. 
265:4527-4533 (1990); Golic, K.G. et_al. , Ceii 59:499- 
25 509 (1989); Aain, A. A. at al., ,T. Molec. Biol. 114:55-72 
(1990)); the Hin recombinase (Glasgow, A.C. et_al. , 
Biol. Chem. 254:10072-10082 (1989)); immunoglobulin 
recombinases (Malynn, B.A. et al.. Cell 54:453-460 
(1988)); and the Cin recombinase (Hafter, P. et_ai. , 
EMBO J. 7:3991-3996 (1988); Hubner, P. et_al. , J- Molec. 
Biol. 205:493-500 (1989)), all herein incorporated by 
reference. Such alternate systems are discussed by 
Echols, H. (J^^iol._CheiTL. 265:14697-14700 (1990)), de 
Villartay, J.?. (Jiature 335:170-174 (1988); Craig, N.L. 
35 r &nn. p>»v. genet. 22_:77-105 (1988)), Poyart-Salmeron, C. 
et al . ^ FMBO J. 3:2425-2433 (1989)), Hunger-Bertling, K. 
^^^1 rMoipr. Cell. BiochejTu 92:107-116 (1990)), and 



Cregg, J.M. ( Molec, Gen. Ganet. 219 !32Q-323 (1939)), ail 
herein incorporated fay reference. 

Conditions or agents which increase the rate or the 
extent of priming, primer elongation, or strand 
displacement, mav be used to increase the extent- of the 
amplification obtained with the methods of the present 
invention. For instance, as indicated above, the 
addition of topoisomerases , helicases, gyrases or 
single-stranded nucleic acid binding proteins (such as 
the gene 32 protein of T4 or the gene 4 protein of T7) 
may be used to increase the strand displacement rate of 
a DNA polymerase, or may allow the use of a DNA 
polymerase that might not ordinarily give substantial 
amplification. 

It is desirable to provide to the assay mixture an 
amount of required co-factors such as Mg^, and dAT?, 
dCTP, dGTP, dTTP, ATP, GTP, GTP, UTP or other nucleoside 
triphosphates in sufficient quantity to support the 
degree of amplification desired. Nucleoside 
triphosphate analogues, etc. (Piccirilli, J. A. et al . , 
Nature 343 :33-37 (1990) can be siibstituted or added to 
those specified above, provided that the base pairing, 
polymerase and srrand displacing functions are ' ncz 
adversely affected to the point that the amplification 
does not proceed to the desired extent. 

II. THE MOLECULES EMPLOYED IN THE AMPLIFICATION METHOD 

A, The Nature of the Desired Molecule 

The methods of the present invention may be used to 
amplify any desired nucleic acid molecule. Such 
molecules may be either DNA or RNA. The molecule may be 
homologous to other nucleic acid molecules present in 
the sample (for example, it may be a fragment of a human 
chromosome isolated from a human cell biopsy, etc.). 
Alternatively, the molecule may be heterologous to other 
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nuclaic acid molecules present in the sample (for 
example, it may be a viral, bacterial, or funga;. nucleic 
acid molecule isolated from a sample of human blood, 
stools, etc.) . The methods of the invention are capable 
of simultaneously amplifying both heterologous and 
homologous molecules. For example, amplification of a 
human tissue sample infected with a virus may result in 
amplification of both viral and human sequences. 

The present methods do not require that the desired 
molecule have any particular sequence or length. In 
particular, the molecules which may be amplified include 
any naturally occurring procaryotic (for example, 
pathogenic or non-pathogenic bacteria, Sscherjcr.ja, 
Salaonslla . ri gsrridium . Acrobactar, -'=;ir?-nhvlococcus and 
15 st-gptomvces . -r-gptscoccus . Rickettsiae, Chlaavdia , 
MvcaplasT?.a . etc.), eucaryotic (for example, protozoans 
and parasites, fungi, yeast, higher plants, lower and 
higher animals, including mammals and humans) or viral 
(for examtle, Herpes viruses, HIV, influenza virus, 
20 £pstain-3arr virus, hepatitis virus, polio virus, etc.) 
or viroid nucleic acid. The nucleic acid molecule can 
also be any nuclaic acid molecule which has been cr can 
be chemically synthesized. Tlius, the desired nucleic 
acid sequence may or may not be found in nature. 
25 ^he desired nucleic acid molecula which is to be 

amplified may be in either a double-stranded or single- 
stranded form. However, if the nuclaic acid is double- 
stranded at the start of the amplification reaction it 
is preferably first treated to render the two strands 
30 into a single-stranded, or partially single-stranded, 
form. Methods are known to render double-stranded 
nucleic acids into sincla-stranded, or partially single- 
stranded, forms, such as heating, or by alkali 
treatment, or by enzymatic methods (such a by helicase 
35 action, etc.), or by binding proteins, etc. General 
metiiods for accomplishing this treatment are provided by 
M;,n-i;,fi^. T., et al. (In: MQlPCulair Cloning, — A 



Laboratory Manual , Cold Spring Harbor Laisoratories , Cold 
Spring Harbor, NY (1982)), and by Haymes, 3.0., al. 
(In: Nucleic Acid Hybridization. A Practical Approach , 
ISL Press, Washington, DC (1935)), wiiich references are 
herein incorporated by reference, 

Macromolecular entities that contain nucleic acid 
other than double-stranded DNA, or single-stranded DNA, 
such as single-stranded SNA, double-stranded RNA or mRNA 
are capable of being amplified by the method of the 
invention. For example, the RNA genomes of certain 
viruses can be converted to DNA by reaction with ensyaes 
such as reverse transcriptase (Maniatis, T. et al > , 
Molecular Cloning Laborator^^ Manual^ . Cold Spring 
Harbor Labora-ory, 1982; Noonan, K. F- er al. , Nucleic 
Acids Res. 16:10356 (1988)) . The product of the reverse 
transcriptase reaction may then be amplified according 

to the invention. 

The complete nucleotide sequence of the desired 
:nol3Cule need nor be known in order to employ the 
methods of the present invention. The presanz 
invention, like PCR, requires knowledge only of the 
sequences that flank the sequence that is to be 
amplified. The desired sequence may thus be envisioned 
as consisting of three regions. The first region, 
corresponding to the 3 • terminus of the desir'ed molecule 
that is to be amplified is the region to which the 
single-primer of the present invention hybridizes. 
Thus, the sequence of this first region must be 
ascertained in order to construct a complementary primer 
that would be capable of hybridizing to the desired 
molecule. 

As used herein, two sequences are said to be able 
to hybridize to one another if they are complementary 
and are thus capable of forming a stable anti-parallel 
double-stranded nucleic acid structure. Conditions of 
nucleic acid hybridization suitable for forming such 
double stranded structures are described by Maniatis, 
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T., et al. (In: Molecular Cloning, A Laboratory Manual , 
Cold Spring Harbor Laboratories, Cold Spring Harbor, NY 
(1982))/ and by Hayraes, 3.D., et al. (In: Nucleic Acid 
Hybridization, A Practical Approach . ISL Prass, 
5 Washington, DC (1935)). 

For the purpose of hybridizing the primer to the 
first region of the desired molecule |. the sequences need 
not exhibit precise complementarity, but need only be 
sufficiently complementary in sequence to be able to 
10 form a stable double-stranded structure. Thus, 
departures from complete complementarity are 
permissible, so long as such departures are not 
sufficient to completely preclude hybridization to form 
a double-stranded structure • 
15 The size of the first region of the desired 

molecule is such as to permit the primer molecule to 
srably hybridize to iz. Preferably, therefore, the 
first region of the desired molecule will be greater 
than 10 nucleotides in length, and most preferably, 15 
20 to 50 nucleotides in length. Longer or shorter primers 
may be used, however. The use of shorter primers may 
result in the amplification of nucleic acid sequences in 
addition to that of the desired sequence. The* use of 
longer primers may slow tiie rate of hybridization. 
25 Extension of the primer may be done with reverse 
transcriptase where the desired molecule is present as 
RNA. Alternatively, such extension can be accomplished 
with other DNA polymerases where the desired molecule is 
DNA. 

30 The second region of the desired molecule is 

located 3' to the first region, and consists of the 
central oortion of the desired molecule. The second 
region of the desired molecule may have any sequence, 
and be of any length. As stated above, the sequence of 

35 this region need not be known in order to follow the 
methods of the present invention. Typically, the second 



region may extend from a few nucleotides to several 
3cilabases. 

The third region of the desired molecule is located 
at the 5* terminus of the desired molecule* The 
sequence of this region must: be known in order to follow 
the methods of the present invention. Typically, the 
third region may extend from as few as 3 nucleotides to 
10-20. If the third region is not used as a template 
for a primer, it need not be of a length sufficient to 
permit stable priming. In a preferred embodiment^ 
however, the third region must be of sufficient length 
to permit stable hybridization to occur. In this 
embicdiment, the third region is preferably of a lengrh 
of 15 to 50 nuclecwides in length. Longer or shorter 
primers may be used, however. 

Thus, the extent of sequence informawion of the 
desired molecule that is needed to practice the present 
invention is typically less than that needed to practice 
?CR methods. 

B. The Nature of the Single Primer 

The present invention employs a single primer -to 
achieve the amplification of the desired molecule. The 
primer molecule that is used in the present 
amplification method is of suitable length to stably 
hybridize to the first region of the desired molecule. 
Primer molecules of 10-50 nucleotides are thus suitable. 

Any of a variety of methods can be used to produce 
the primer molecule. For example, the molecule can be 
excised from a vector that contains it using suitable 
enzymes, such as restriction enzymes. Most preferably, 
however, the primer will be made synthetically, using 
well-known chemical methods. 
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C. The Adaptor Molecules of th& Invention 

The present invention enploys specialized "adaptor 
molecules" to alter the 5' terminus of the primer or 
primer extension product that is formed from the 
tamolate dependent extension of the above-descrihed 
primer molecule, and the 3- terminus of the primer 
extension product. The adaptor molecules may be either 
a partially single-stranded, partially double-stranded 
nucleic acid molecule, or it may be a single-stranded 
molecule. Thus, in one embodiment, the adaptation of 
the 5' terminus is accomplished by employing a primer 
molecule whose 5- terminus is designed such tha- it 
contains the desired adaptation. In a second 
embodiment, the 5' terminus of the primer expansion 
15 Droduct is altered using a 5- adaptor molecule. With 
respect to the alteration of the 3' terminus of the 
primer extension producr, such alteration can be 
'acc=m::lishsd usi.-.g either a single adaptor molecule, or, 
in an alternate embodiment with a pair of adaptor 
molecules having similar structure (a.nd resulting in a 
mixture of primer extension products, seme of which have 
been modified by one of the 3' adaptor molecules, and 
some of which have been modified by the other 3 ' adaptor 
molecule) . 

25 The adaptor molecules permit the linear primer 

extension product to form either single-stranded or 
double-stranded circular nucleic acid molecules which 
may be readily amplified under isothermal conditions. 
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1) 



The Adaptor Molecules of the 5' Terminus 



An adaotor molecule is used to modify the 5' 
terminus of the primer molecule or the primer extension 
nroduct such that it contains a recombinational site, 
most preferably a lox£ site. 



The adaptor molecule of the 5' terminus can be 
added to tiie primer molecule either before or after its 
template dependent extension* In the most preferred 
embodiment, the orimer molecule is modified to contain 
the 5' adaDtor molecule orior to ex'cension. Thus, in 
this embodiment, the primer may be synthesized such that 
it contains an additional region (including the 
recombinational sire) at its 5' terminus* In this 
embodiment, when employing a recombinational site that, 
like loxP exhibits directionality, it is generally 
necessary that some of the primer must be synthesized 
with the loxP sire in one orientation, and some of the 
orimer must be svnthesized wirh the lox? site in the 
opposite orienration- Kolecules having only single 
orientation can be used in conjunction with a 3' adaptor 
molecule that contains a recombinational sire of an 
apposing orientation. 

Alternatively, however, the 5' terminus can be 
modified throuch the action of a ligase using either 
single-stranded or, more preferably, double-stranded DNA 
containing the recombinational site. In one embodiment, 
such ligation substrates will possess a 5' terminus 
(such as a 5* hydroxyl group) that prevents the ligation 
of more than one such ligation substrate molecule to the 
primer extension molecule. Alternatively, the adaptor 
molecule may be a single-stranded molecule, that 
exhibits intra-strand hybridization (i.e. a "hairpin" 
loop) . As in the case of the adapted primer molecule 
discussed above, the use of a recombinational site 
having directionality will generally require the use two 
hairpin loop species having opposite orientations for 
their recombinational sites. Additional sequences may, 
if desired, be added 3' or 5 ' of the recombinational 
site. Examoles of suitable 5' adaptor molecules are 
shown in Figure 1. 
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2) Tiie Adaptor Molecules of the 3' Tarainus 

Any of a variety of different adaptor molecules can 
be used to alter tiie 3 ' terminus of the primer extension 
molecule. The choice of which type of adaptor molecule 
5 to use will depend upon whether the formation of single- 
stranded or double-stranded molecules is preferred. 
Examples of suitable 3 ' adaptor molecules are shown in 
Figure 2. 

* 

a) Adaptor Molecules for the Formation 
iQ of * single-Stranded Circular 

Molecules; Use of Partially Single- 
stranded and Partially Double- 
Stranded 3 ' .\daptor Molecules 

In one embodiment, partially single- stranded and 

15 partially double-stranded nucleic acid adaptor molecules 
are employed to alter the 3' terminus of the primer 
extension product as a prelude to the formation of 
single- stranded circular molecules. A feature of such 
molecules is that they possess a 3 • protruding region 

20 having a predefined sequence. The sequence of this 
protruding sequence is selected such that 3 '-most 
portion of the region has the same sequezice as that of 
the third region of the desired molecule. In a first 
preferred sub-embodiment, this protruding terminus is 

25 blocked, as by the use or presence of a 
dideoxynucleotide, etc., such that it is incapable of 
being extended by a polymerase in a template-directed process. 

The strand of the adaptor molecule that contains 
the 3 ' protruding sequence may be composed of RNA, such 

30 that it can be readily degraded by the inclusion of 
RNAse to the reaction, or by alkali treatment. Methods 
of forming RNA oligonucleotides are disclosed by 
Sharmeen, L. at al . r Mucleic Acids Res. 15:6705-6711 
(1987)) and by Milligan, J.F., et al .. Nucleic Acids 

3S Res. 11:3733-3798 (1987)). In another embodiment, the 
strand of the adaptor molecule that contains this 



protruding seguenca is ccmposed of a nucleic acid that 
has been biotinylatsd, such that the strand can be 
selectively removed from the reaction by addition of 
agents such as anti-biotin antibodies, avidin, 
s*:ir eptavidin , etc . 

A second feature of the adaptor molecules is the 
presence of a double-stranded region located 5 ' to the 
above-described prorruding 3' terminus. 

In one enbodiaent, the invention employs a single 
such 3 ' terminus adaptor molecule whose double-stranded 
region comprises a pair of inverted repeated sequences, 
preferably separated by a spacer sequence. This aspect: 
of the invention is shown in Figure 2A, wherein zha 
terms X and X' are used to designate complementary 
sequences thac comprise the inverted repeated sequence. 
The spacer sequence is preferably 3-100 nucleotides in 
length. The length of the spacer is selected such thaz 
the inverted repeated seqaences are srerically capable . 
of hybridizing to one another. Thus, if the inverted 
repeated sequences are of sufficient length, the 
sequences will be capable of hybridising to one another 
in the absence of a spacer sequence. In a preferred 
embodiment, however, the spacer sequence is 10-50 
nucleotide long, and preferably not an inverred repea-ed 
secuence. In tl:.. . 'imbo: iment, the soacer secuence is 
adap-ced zo functi.--^ as a primer binding site (designated 
"PBS" in the Figures) for the amplification of the 
desired sequence. 

In an alternate or ef erred embodiment, the 
invention employs two different 3' terminus adaptor 
molecules. In each of these adaptor molecules, the 
soacer secuence is comoosed of a second oair of inverted 
repeated sequences, such that the structure of the 
adaptor molecule provides a pair of external inverted 
repeated sequences that flank a pair of internal 
inverted repeated sequences. In a preferred embodiment, 
the seauences of the oair of internal inverted repeated 
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secmencss are intarrupred by a primer binding sita tiiiat 
is prefarably 10-50 bases long, and preferably not an 
inverwed repeated sequence • This aspect of tiie 
invention is shewn in Figure 23, where the teria "?3S" is 
5 used to designa-a the relative position of the optional 
primer binding site, the terms Y and Y' or Q and QT are 
used to designate complementary sequences that comprise 
the ootional internal inverted repeated sequences/ and 
the terms X and X' are used to designate complementary 

10 sequences that comprise the external inverted repeated 
sequences • In the most preferred sub-embodiment of this 
embodiment, the sequences of the external and internal 
repeated sequences are different- The sequences of the 
two adaotor molecules are selected such that the 

15 nucleotide sequence of the external inverted repeat 
sequence of the first of the rwo adap-or molecules is 
different from the external inverted repeated sequence 
of the second of the two adaptor molecules. The 
sequences of the external inverted repeats of the first 

20 and second adapter molecules are thus selected such that 
they are substantially incapable of hybridizing to one 
another (i-e. the external repeat sequence of the first 
adaptor molecule is substantially incapable of 
hybridizing to the external inverted repeat of the 

25 second adaptor molecule) • The nucleotide sequence of 
the internal inverted repeated sequences of the two 
adaptor molecules is prefarably the same, or at least 
sufficiently similar to allow the respective internal 
repeated sequences of the adaptor molecules to hybridize 

3 0 to one another. If the internal repeated sequences are 
interrupted by a primer binding site, such sequences may 
be different, but will preferably be the same. 

As used herein, two sequences are said to be 
"inverted repeats'' of one another if they are 

3 5 comolementarv to one another. Similarly, an "inverted 
reneat seouence" is composed of two oligonucleotide or 
polynuc lee tide sequences ("arms") whicii are 



complimentary to one another. Thus, a feature of the 
adaptor molecules is that, although the inverted repeat 
sequences of the two strands of the double-stranded 
region of the adaptor molecules are hybridized to one 
another in the acapror molecule, they would be capable 
of intra-strand hybridization (i.e. "snapping-bacie" and 
forming a hairpin loop structure) if the adapcor 
molecule were denatured or converted to a single- 
stranded formr. The length of the inverted repeaced 
secuences is selected such that intra-strand 
hybridization would be possible if the adaptor molecule 
were denatured or converted to a single-stranded form* 
Thus, the inverted repeated sequences are preferably 
greater than 10 nucleozides in length, and mosr 
oraferably, 15 to 50 or more nucleotides in length. 
Longer or shorter inverted repeated sequences may 
however be used. The use of sharper inverted repeated 
sequences may result in a decreased rate of hairpin 
formation. The use of longer sequences may lead to a 
destablization of inter-strand hybridization, and thus 
may be undesirable where such hybridization is desired. 

When defining conditions to be used in any specific 
embiodiment of the present, invention, it is desirable to 
select a primer that cannoc prime on itself. To 
minimize the likelihood of potential interfering 
reactions, candidate primers should be tested in 
reactions which address this issue prior to use in the 
amplification process* One such example is to measure 
the addition of nucleotides by a polymerase to the 3' 
end of the candidate primer in the absence of any target 
molecule. 

The above-described adaptor molecules can be 
synthesized using any of a variety of methods. For 
example, the "inverted repeated sequence- inverted 
reoeated sequence," "inverted repeated sequence-spacer 
sequence- inverted repeated sequence" or the "external 
inverted repeated sequence- internal inverted repeated 
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sequence- inrernal invercad repeated sequence— external 
inverted repeated sequence" segment of the adaptor 
molecules can be obtained by cloning such a sequence, 
propagating the vector, and then excising the sequence 
5 using a restriction endonuclease. The protruding 3' 
terminus can be formed using deoxynucleotide terminal 
transferase and the appropriate nucleotide 
triphosphates* In fallowing such a method, it would be 
desirable to blocJc the 3 * terminus of the second strand 

10 of the adaptor molecule. Alternatively, the protruding 
3 ' terminus can be added by ligating a single- or 
doubles-stranded molecule to the "inverted repeat- 
inverted repeat" segment of the adaptor molecule (or any 
of the above-described variants thereof) , and then 

15 removing the sequence complememiary to the "protruding 
3 ' sequence" to thereby render that sequence actually 
protruding- 

In a preferred embodiment, the srrands of the 
adaptor molecule (s) are prepared separately (preferably 

20 by primer extension using suitable primers and 
templates, or by clonal propagation, by transcription, 
by synthetic means, or by any combination of these 
methods) , and then mixed together under conditions 
sufficient to permit the molecules to hybridize to one 

25 another. This method is particularly suited to the 
embodiments wherein the s-rand that contains the 
protruding 3 ' end is RNA or is biotinylated. Those of 
ordinary skill will readily comprehend alternative 
methods for forming the adaptor molecules, 

3 0 b) Adaptor Molecules for the Formation 

of Single-Stranded Circular 
Molecules: Use of Single-Stranded 3' 
Adantor Molecules 

In a second, and preferred, sub-embodiment, the 
35 adaptor molecule (s) in the formation of single-stranded 
circular molecules will' be single-stranded DNA 
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(preferably biotinylatad) or RNA molecules. Sucii 
molecules will have a sequence and structure tiiat are 
identical to tiie s-cructure of the that strand of the 
above-described partially single-stranded and partially 
3 dovible-stranded adaptor molecules which contain the 
discussed protruding 3 ' tarainus . m tiie most preferred 
embodiment, the 2 ' terminus of the molecule is blocked 
sucil that it cannot be extended by a polymerase, 

c) Adapter Molecules for the Perflation 
of Double-Stranded Circular 
Molecules 

The above-described 3 ' adaptor molecules are 
designed to permit the formation of single- stranded 
circular molecules. In order to form double-stranded 
circular molecules, a different rype of 3' adaptor 
molecule is nreferably emmloved. 

In this embodiment of the invention, the 3' 
--errixnus of the primer ex-ens ion product is modified 
such that it contains a recombinational site. If a size 
such as laxZ is employed, the orientation of the site 
must be such that upon adaptation, the tvo loxP sites 
are present in a direct repeat orientation. For such 
purpose, a partially single- stranded and partially 
double-stranded adaptor molecule or a single-stranded 
25 molecule is employed. The partially single-stranded and 
P^^'^ia.lly double-stranded adaptor molecule will have a 
protruding 3 • terminus that is capable of hybridizing to 
^® primer extension product in the manner described 
above, and of being extended in a template-dependent 
3 0 manner. The double-stranded region of the molecule, 
located 5 • to the protruding 3 • ter:3inus , will comprise 
a recombinational site. Most preferably, the double- 
stranded region will also contain a region that is 
substantially incapable of participating in inter-strand 
hybridization flanked by sequences that are capable of 
participating in such hybridization. Most preferably, 
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such incapacity is obtained througii the use of sequences 
that are identical, and have the attributes of the 
Drimer binding sequence discussed above. Such a 
molecule is illus^ated in Figure 2C. . If a single- 
5 stranded 3 * terminus adaptor molecule is employed, the 
molecule will preferably contain the sajae szrucHure and 
sequence as thar strand of the above-described partially 
single-stranded and partially double-stranded adaptor 
molecule that possess the protruding 3' terminus. 

10 D. The Amplification Substrates 

The present inven'cian employs aziplif ication 
substrate molecules in order to achieve the 
amplification of the desired molecule. 

The amplification substrates are preferably either 
15 the primer molecule used to form the primer exransion 
orcduct (either containing or lacking the 5* 
reccmbinational site) , or, mere preferably, a sequence 
complemenrary to that of the optional primer binding 
site of the 3' terminus adaptor molecule- 



20 III. THE AMPLIFICATION METHODS OF THE PRESENT Iir/EiTTION 

A. The First Step of the Methods: Primer 
Extension 

In the first step of the amplification methods of 
the present invention, the nucleic acid molecules of the 

25 sample are incubated with the above-descriJDed single 
primer molecule in the presence of DHA polymerase, and 
requisite nucleotide triphosphates and co-factors. The 
molecules are incubated under conditions sufficient to 
permit the primer to hybridize to its target sequence, 

3 0 and to be extended to form a primer extension product. 

Thus, if the desired sequence is a double-stranded DNA 
or RMA molecule, the strands are separated as by heat 
denaturation, or other means. If the desired sequence 



is a single-srranded DNA or SNA molecule, the 
denatiuration srap may be omitwad. 

In one embodinienr of the invention, as for exanple 
when the concenrration of the desired molecule is 
anticipated to be low, tha molecules can be denatured 
and renatured in a cyclical manner so as to pemit 
reoeated rounds of crinier extension- In this 

embodiment, the use of ther:aastable polymerases, such as 
Tag polymerase is prefarrsd, so that the expense of 
adding new polymerase can be avoided. 

Most preferably, the conditions of the primer 
extension will be controlled such that the average 
length of the ex-ended primers will be the leng::h 
separating the beginning of the first region from the 
end of the third region of the desired molecule. Such 
controlling of conditions can be accomplished by 
altering the concantiration of DNA polymerase, the 
duration of the polymerization reaction, or by limiting 
the concentration of a nucleotide triphosphate such that 
"stuttering" of the primer extension product occurs when 
it reaches the desired average length. 

After primer extension has been completed, the 
reaction is treated, preferably with heat or RNAse H*(if 
the target molecule was RNA) so as to denature double- 
stranded nucleic acid molecules and render such 
molecules single-stranded. If desired, excess primer 
can be removed from the sample (as by filtration, 
adsorption, etc-)/ however, such action is not necessary 
to the invention. 

3. The Second Steo of the Methods: Adaptation of 
the 3* Terminus of the Primer Extension 

The second step of the method entails the 
adaptation of the primer extension product such that it 
is capable of conversion into a circular molecule. The 
adaotation of the 3» terminus may precede or follow the 
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adaptation of the 5' tariainus, depending upon the 
adaDtcr molecules selected. Adaotation of the temini 
may also be accciaplished simultaneously • As indicated, 
the adaptation of the 5' terminus may be accomplished 
5 through the use of modified primers, and may thus be 
accomplished prior to the primer extension step. 

1) Further Primer Extension 

In a firsr and preferred embodiment employing 
either the partially single-stranded / partially double- 

10 stranded 3' adaptor molecule (s) or the single-stranded 
3' adaptor molecule (s) , the adaptation of the 3' 
cerminus of the primer extension product is accomplished 
through the further template-mediated extension of the 
primer exrensicn products (Figure 3, lines A, 3, C) . 

15 Most Dreferablv, the adamtor molecules used in this 
emicdiment vill contain blocked 3* termini. 

In this embodiment, the primer extension products, 
which have been rendered single-stranded, are permitted 
to hybridize to the adantor molecules. As indicated 

20 above, the molecules have regions of homology sufficient 
to permit the primer exrension products to hybridize to 
the adamtor molecule. 

Regardless of which type of adaptor molecule (s) is 
employed, the further extension of the primer extension 

25 products results in the formation of a partially-double- 
stranded and partially single stranded molecule. The 
molecule is characterized in possessing a protruding 5' 
terminus whose sequence comprises that of the primer 
extension oroduct. If the adaptor molecule was 

3 0 oetrtiallv double-srranded, the fxirther extension of the 
orimer extension product causes the displacement or 
destruction of the strand that was initially 
complementary to the template. 



2) Ligation 



In a second emfaodiaent, to be used when the 
partially single-stranded / partially double- stranded 3 • 
adaptor aolacule(s) of the present invention is 
employed, the adaptation of the 3' tarainus of the 
primer extension product is accomplished by the ligation 
of the primer extension molecule to the 3 ' adapiicr 
molecule (Figure 3, line D) . Because of *the 
complementarity between the sequence of the protruding 
3 • terminus of the adaptor molecule and the 5 • terminus 
of the primer sxransicn molecule, the two molecules can 
hybridize to one anorher. Since the primer extension 
reaction has been controlled so that the average 
extension product terminates at a length corresponding 
to the end of the chird region of the desired molecule, 
the average primer extension product will have a 5' 
terminus that can hybridize to the adaptor molecule. 

When the adaptor molecule is DNA, any DNA ligase 
may be used to accomplish zhe ligation of the strands. 
Significantly, primer extension products that are longer 
or shorter than the precise length needed to permit the 
recessed 5' carminus of the adaptor to abut the ' 3 ' 
terminus of the primer extension are not amplified by 
the methods of the invenricn. They need not be removed 
from the reaction, and do not interfere with the 
subsequent desired amplification. 

When the adaptor molecule is a DNA/SNa' hybrid (in 
which the strand having the protruding 3' terminus is 
J^NA) , T4 ligase is employed to ligace the DNA strands 
together (Lehman, I.R. , Science 186:790-797 (1974); 
Olivers, B.M. et al. . J. Malecr. Biol. (1968); 
Kleppe, K. et a;. , Proc. Natl. Acad. Sci. ru.g.a.'t fi7-fia 

(1970) ; Fareed, G.C. et al. . J. Biol. Ch^m. 246:925 

(1971) ; Sgaramella, V. er al . . Proc. Natl. Acad. <^ni . 
rU.S.A.) fi7;T4fig (1970)). 
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Tlie primer molaculas will also have been modified 
to contain a rscomlsinational site at tlieir 5 • tarainus 
as discussed above. Such modification may be performed 
prior to or after the primer extension of tixe first or 
5 second steps of tiie method. If the modification is 
oerformed by ligation using a single-stranded molecule, 
the modification is performed prior to the third step of 
the process. If the modification is performed by 
ligation using a double-stranded molecule, the 
10 modification is performed after the 5' terminus of the 
primer extension product has been rendered double- 
stranded . 

C '^he Third Stao of the Methods: Adaptation _ of 

*5~ Tarminus of the Primer Expansion 

Whera the 5 ' terminus of the above-described primer 
was not initially modified to contain a DNA sequence 
that, when prasant in a double-stranded form ccmpr.sas 
a recombinational sita, such a sequence or site is added 
to the molecule produced aftar modification by the 
above-described 3' adaptor molecules. 

1) The Methods Wherein the 3 Adaptor 
Molecule Comprises a Recombinational Sita 

In the embodiment wherein the 3' adaptor molecule 
25 comprises a recombinational sita, it is 'important that 
the orientation of that sire be the same as the 
orientation of the recombinational site that is to 
adapt, or has adapted, the 5" terminus of the primer or 

primer extension product. 
30 In this embodiment of the methods of the invention, 

illustrated in Figure 4, the single-stranded adaptor 
molecule (if that 3' terminus adaptor molecule was 
used), or the strand of the above-described partially 
single-stranded and partially double-srranded adaptor 



20 



molecula tiiat possesses the prorruding 3 ' tarsiinus (if 
tiiat 3 ' tar^ninus adaptor molecule was used) is not: 
removed, and is extended by a DNA polymerase to form a 
double stranded linear DNA molecule having termini tiat 
comprise reccmbinational sites (in direct orientation, 
if loxP sites) • Preferably, the use of a primer binding 
site in the adapror molecule will create a "bubble" of 
single-stranded region located between the 
recomisinational sites. 

Action by a recombinase on the recombinational 
sites yields a double-stranded circular molecule- If 
the molecule conrains the described primer binding site, 
then such sire will provide a single-stranded region 
which may be used to initiate the replication of the 
circular molecule* 

In one embodiment, such replication leads to a 8 
reolicon. In a ^referred embodiment, the double- 
stranded circle is "nicked" in one strand to oermit a 
"rolling circle" replicon to form, 

2 ) The Methods Wherein the 3 ' Adaptor 
Molecule Comprises an Inverted Repeated 
Sequence 

In the embodiment wherein the 3 ' adaptor molecule 
comprises an inverted repealed sequence (Figure 5) , the 
strand of the adaptor molecule that contained the 
"protruding 3' terminus" is separated from -the primer 
extension strand. Any means known in the art may be 
used to accomplish such separation. Optionally, and 
preferably, the strand of the adaptor molecule that 
contained the "protruding 3 * terminus" is removed from 
the sample. Ir. a less preferred embodiment, the strand 
of the adaptor molecule that contained the "protruding 
3* terminus" is labelled with biotin- In this 
embodiment, the sample is heated to denature doioble- 
stranded molecules and treated with a biot in-binding 
agent (for example, streptavidin) to thereby separata or 
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remove the biouinylatad molecule from the primer 
extension product • 

In the most preferred embodiment, the strand of the 
adaptor molecule that . contained the "protruding 3 • 
5 terminus" is RNA, and is separated or removed from 
primer extension product through the enzymatic activity 
of RNAse H, which preferentially degrades the RNA strand 
of an RNA/DNA hybrid • 

The reaction conditions are then adjusted, if 
10 necessary, to permit DNA polymerization to occur. DNA 
polymerase is added, if needed, to the reaction, along 
with nucleotide triphosphates, etc, such that template- 
dependent extension of the 3 ' terminus of the adapted 
molecules can occur • 
15 Since the adaptor molecule conuains an invercad 

repeat, such polymerizauion results in the formation of 
a hairpin loop structure. In a preferred mode of the 
invention, the adaptation of the 5' terminus of the 
extension product is accomplished after such hairpin 
20 loop srructures have formed, by providing double- 
stranded recombinational sires to the reaction, and 
permitting such sites to ligate to the terminus of the 
hairpin. This mode of adaptation is preferred, • since 
the ligation of such molecules will occur in a 
25 randomized orientation, such that, on average one-half 
of the molecules will contain recombinational sites that 
are in one orientation, and one-half of the molecules 
will contain recombinational sites that are in the 
opposite orientation* 
30 Action by a recombinase on the recombinational 

sites of two adapted hairpin loop molecules having the 
opposite orienration (i.e. direct repeat) yields a 
single-stranded circular molecule. If the molecule 
contains the described primer binding site, then such 
35 site will provide a region which may be used to initiate 
the reolication of the circle in a twin origin "rolling 
circle" replicon manner as described below. 



the hybridized stirands of tiie circular molecule • Such 
displacement may facilitated hy tiiermally denaturing 
the molecule, if desired. Such sequences may be used to 
amplify the desired sequence. 

Alternatively; amplification may be accomplished by 
providing a primer that is complementary to the optional 
primer binding sita* Since the circular molecule does 
nor contain any sequence complementary to the primer 
binding site, such primer molecules can readily access 
the site and initiate amplif icatiion without thermal 
denaturation . 

For singla-stranded circular molecules , since the 
primers can anneal a~ rwo sizes on the molecule, primer 
extension yields a ^win-origin "rolling circle" replicon 
(i*e. a rolling circle replicon having two extending 
strands, as shown in Figure 3A) . 

For the do uble-s "branded circular molecules produced 
by the above method steps, amplification can be 
preferably cb-ained in either of two manners. In one 
embodiment, in which the addition of topoisomerase or 
gyrase is desirable, the double-stranded molecule is 
replicated to form a a replicon (Figure 3B) . More 
preferably, one strand of the double-stranded molecule 
is nicked, such that orimer extension results in the 
displacement of the nicked strand and the formation of 
a "rolling circle" replicon. Such nicks can be produced 
by radiation, by chemical adducts (ethidium bromide, 
etc.)^ by an endonuclease, or by other means* A 
preferred method for forming such nicks is by 
incorporating at least one nucleotide 5'-[a:- 
thio] triphosphate (Pharmacia) into one strand of a 
restriction site (preferably present in the 3 ' adaptor 
molecule) . Cleavage at that site by the relevant 
restriction endonuclease will create a single-strand 
nick (Walker, G.T. et al >, P^^g^ hTatl, Acad. Sci. 
(U- 5- A. ) 89:392-396 (1992) ) . 



As each st:rand of any of the above repliccns is 
extended, it provides additional template binding sites 
for additional primer extension. Thus, the Jcinetics of 
amplification are similar to, but faster than, viral 
burst" kinetics. 

The presence of inverted repeated sequences and 
recombinational sites permits additional hairpin loop 
structures to form- Since the reaction contains Ore, it 
will mediate recombination between such additional 
hairpin loop structures to form additional circular 
structures, thus increasing the number of amplification 
foci in the reaction. 

All of rhe enzymes used in this amplif icaricn 
reaction may be aczive under the same rsac"ion 
conditions. Indeed, buffers exist in which all enzymes 
are near their optimal reaction conditions. Therefore, 
the amplification process of the present invention can 
be done in a single reaction volume without any change 
of conditions such as the replacement of reactants. 
Thus, though this process has several steps ar a 
molecular level, operationally it may have a single 
step. Once the reacranrs are mixed together, one need 
not add anything or change conditions, e.g. temperature, 
until the amplification reaction has exhausted one or 
more components. During this time, the nucleic acid 
sequence being amplified will have been increased many- 
fold. 

E. Isolation or Purification of the Amplified 
Molecules 

This invention may be combined with many other 
processes in the arts of molecular biology to achieve a 
specific end- Of particular interest is purifying the 
target sequence from the other sec5piences in the nucleic 
acid sample. This can be accomplished most 

advantageously by annealing the nucleic acid sample to 
an oligonucleotide that is complementary to the target 



3 ) The Methods Wherein the 3 * Adaptor 
Molecule cnnprisas a Pair of Nested 
Inverted Repeated Sequences 



In the embodiment wherein the 3 ' adaptor molecule 
comDrises a pair of nested inverted rapeazad sequences 
(rigxire 6) , the srrand of the adaptor molecule that 
contained the "protruding 3' terminus" is separated from 
the primer extension strand, in the manner described 
above . 

The reaction conditions are then adjusted, if 
necessary, to permit DNA hybridization to occur* The 
random hybridization of the primer extension products 
will also result in the formation of a double-stranded 
molecule having diffaren- external inverted repeated 
sequences (i.e. formed from different 3' adaptor 
molecules, having different external inverted repeated 
seouences such as are decicted as X/X' and Q/Q'). The 
strands of these molecules will anneal to one another 

inverted repeated sequences. Because the external 
inverted repeated sequences of the two strands are not 
complementary to one another, they will not hybridize to 
one another. Thus, the external repeated sequences of 
each strand will be able to participate in intra-strand 

hybridization . 

After permitting such hybridization, DNA polymerase 
is added, if needed, to the reaction, along with 
nucleotide triphosphates, etc, such that template 
dependent extension of the 3 • terminus of the adapted 
molecules can occur. The action of DNA polymerase on 
these molecules will lead to the formation of a "bow- 
t"*^" mo *='^''*le characterized in possessing two hairpin 
loops that are annealed to one another by virtue of the 
hybridization between the internal inverted repeated 
seouences of the molecules* 

The terminus of these molecules is then preferably 
adaoted bv oroviding double-stranded recombinational 
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sites t:o tiia reaction, and permitting such sitas to 
ligats to the tsrainus of the hairpin, in the :aanner 
descrihed above. Appro ximately one-half of all bow-tie 
molecules will contain rscombinational sites in direct 
r so eat. 

Action by a recombinase on the recombinational 
sites of tvo adapted hairpin loop molecules having the 
opposite orientation (i.e. direct repeat) yields a 
single-stranded circular molecule. If the molecule 
contains the described primer binding site, then such 
site will provide a region which may be used to initiate 
the replication of the circle in a twin-origin "rolling 
circle" manner as described below. 

D. The Fourth Step of the Method: Amplification 



Because the above steps produce molecules thaz 
contain recombinational sites (e.g. lax£) , the addition 
of a r2ccmbi.nase (preferably Cre) catalyzes a double- 
strand exchange at the recombinational sites of the 
molecules. 

20 For a "bow-tie" molecule having rscombinational 

sites in the same directional orientation; the 
recombinational action of the recombinase converts the 
linear molecules into a single s-rand circular molecule 
(Figure 7). Similarly, two hairpin loops having 

25 recombinational sites in the same direcliional 
orientation can be recombined to form a single strand 
circular molecule (Figure 7) . These circular molecules 
are characterized in having two copies of each strand of 
the desired sequence, four copies of the spacer region 

30 . (which optionally ccmprises t-he described internal 
inverted repeated sequences) , two copies of each of the 
two external inverted repeated sequences and a single 
recombinational site (Figure 7) . 

Unless the initially employed primer sequences have 

35 been removed or destroyed, these sequences will displaice 



1. A metiiod fcr amplifying a desired sequence of a 
target nucleic acid molecule, said sequence having a 3' 
region, ccmprising the sraps: 

A) incubating said target molecule in the 
presence of a primer nucleic acid molecule, said 
molecule being capable of hybridizing to said 3 ' 
region of said desired sequence, to thereby form a 
primer extension product that has a 3* terminus; 

B) adapting said 3' terminus of said primer 
e^itension producr to contain an inverted reoeatad 
sequence, said sequence being sufficient to permir a 
nucleic acid molecule having a recessed 3 ' terminus 
to form from the inter-srrand hybridization of said 
inverted repealed sequences; 

C) incubating said nucleic acid molecule of step 
3 under conditions sufficient to permit the template 
dependent extension of said 3 ' terminus, to thereby 
form a double-stranded molecule having at least one 
3' terminus and one 5* rerminus; 

D) adapting at least one of said 3 ' terminus and 
at least one of said 5 ' terminus to conrain a 
recombinational site ; 

E) incubaring said adapted double-stranded 
molecule in the presence of a recombinase under 
conditions sufficient to form an amplif iable circular 
molecule containing said desired sequence; and 

F) incubating said amplif iable circular molecule 
in the presence of a primer under conditions 
sufficient to oermit the tsmolace deoendent extension 
of a primer, said extension thereby amplifying said 
desired sequence. 
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2. The method of ciaijii If vfaerain said 
recombinational site is a ioxP site and said recontbinase 
is era. 

3. The merhod- of claim 1, wherein in step said 
5 inverted r speared sequence is a recomhinational site. 

4. The method of claim 1, wherein in sliep said 3* 
terminus is adapted by hybridizing said primer extension 
product to a nucleic acid 3 ' adaptor molecule having a 
sequence that is complementary to the sequence of said 

10 3' terminus, and containing inverted repeated sequences, 
separated by a spacer sequence. 

5* The method of claim 4, wherein said spacer 
sequence contains a primer binding sira* 

6. The meiihcd of claim 4, wherein said 3' adaptor 
15 molecule contains external inverted repeated sequences, 

separated by a spacer sequence that contains internal 
inverted repeated sequences, 

7. The methcd of claim 6, wherein two 3' adaptor 
molecules are employed, said molecules having the same 

20 internal inverzad repeated sequences, and a different 
external inverted repeated sequence. 

8. The method of claim 4, wherein said 3* adaptor 
molecule is at least partially RNA. 

9- The method of claim 4, wherein said 3' adaptor 
25 molecule is at least partially biotinylated. 

10. The method of claim 4, wherein said 3' adaptor 
molecule is single-stranded. 



and is ijnmobilizad on a solid support • A ccnvenianr 
support would be a micro-bead, especially a magnetic 
micro-bead. After being so bound, tiie non-target 
sequences could be washed away, resulting in a complete 
or a partial purification. 

Aftar an amplification is performed, one may wish 
to detecw any amplification products produced. Any 
number of techniques known to the art may be adapted to 
this end without undue experimentation. Particularly 
advantageous in some situations is the capture of SNA 
amplification products by a DNA oligonucleotide 
complementary to an RNA sequence determined bv the 
target sequence, the cligonucleoride being bound zo a 
solid support such as a magnetic micro-bead. 
Preferably, this oligonucleotide's sequence does nc- 
overlap with that of any oligonucleotide used to purifv 
the target before the amplification. R:rA:DNA hybrids 
thus formed may then be detected by antibodies that bind 
RNA:DNA hereroduplexes • Detection of the binding cf 
such antibodies can be done by a number cf methods well 
known to the art. 

Alternatively, amplified nucleic acid can be 
detected by gel electrophoresis, hybridization, or a 
comhinaticn of the two, as is well understood in the 
art. Since the molecules that are being amplifisd 
comprise both strands of the desired sequence^ the use 
of restriction endcnucleasas can cleave the reaction 
products into discrete and defined fragments. Those in 
the art will find that the present invention can be 
adapted to incorporate many detection schemes • 

Sequences amplified according to the methods of the 
invention may be purified (for example, by gel 
electrophoresis, by column chromatography, by affinirv 
chromatography, by hybridization, etc.) and the 
actions containing the purified oroducts mav be 
subjected to further amplification in accordance with 
the methods of the invention. 
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The present: invention includes articles of 
manuf actxire^ sucii as "kits." In one embodiment, such 
kits will, typically, be specially adapted to contain in 
close comDartmentalizatian a first container which 
contains a douhle-stranded nucleic acid molecule 
comprising a recombinational site, and a second 
container which contains a partially single-stranded, 
partially douhle-stranded nucleic acid molecule, or a 
single-stranded nucleic acid molecule, capable of 
adapting the 3 ' terminus to produce a hairpin loop that 
can be extended to form a terminus that is capable of 
being ligated to the nucleic acid molecule of the first 
container, and, optionally, a third containing a 
recombinase suitable for catalyzing the recombination of 
the sequence of the first container which. The kit may 
also, optionally, contain one or more DNA and/ or RNA 
polymerases, ligase, buffers, etc, in amounts sufficient 
to permit the amplification of a desired nucleic acid 
molecule- The kit may additionally contain 

instructional brochures, and zhe like. 

While the invention has been described in 
connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this aomlication is intended to cover any 
variations, uses, or adaptations of the invention 
following, in general, the principles of the invention 
and including such departures from the present 
disclosure as come within known or customary practice 
within the art to which the invention pertains and as 
may be applied to the essential features hereinbefore 
set forth and as follows in the scope of the appended 
claims- 



11. The method of claim 4, wherein said 3' adaptor 
molecule is partially single~s"randed and partially 
double-stranded * 

12. The method of claim 1, wherein in srap 3, said 3' 
terminus is adapted by ligating said primer extension 
product to a nucleic acid 3 ' adaptor molecule having a 
sequence that contains said inverted repearad seouences, 
separated by a spacer sequence. 

13. The method of claim 12, wherein said spacer 
sequence contains a primer binding site. 

14 . The method of claim 12 , wherein said 3 ' adac -or 
molecule contains external inverted repeated secuences, 
separated by a spacer sequence that contains internal 
inverred rsoeated secruencas . 

15 • The method of claim 12 , wherein two 3 ' adap-or 
3iolecules are employed, said molecules having the same 
internal inverted repeated sequences, and a different 
external inverted reoeated secuence. 

IS. The method of claim 1, wherein said double- 
stranded molecule formed in step c has a single 3 ' 
terminus and a single 5' ter^iinus. 

17. The merhod of claim 1, wherein step D is 
performed by adapting the 5 ' terminus of said primer to 
contain a sequence, which, in double-stranded form 
comprises said recombinational sices ; and forming said 
recombinational by template-dependent extension. 

18- The method of claim 1, wherein step D is 
performed by ligating a double-stranded sequence 
comprising said recombinational site to a 3 ' and a 5' 
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tarminus of the doable-stranded nucleic acid molecule of 
steD C. 

19. A double-stranded nucleic acid molecule 
comprising a single 3' and a single 5' terminus, a 

5 desired sequence, a sequence complementary to said 
desired sequence, and a recombinational site. 

20. A kit, being specially adapted to contain in 
close comDartmentalization: 



a first 



container which contains either 



10 



i) 



a nucleic acid molecule comprising a single- 
stranded sequence vhich in dcuble-stranded 
form would comprise a recombinational site, 



or 



ii) 



a nucleic acid molecule whose seouence 



15 



comprises a recombinational site; 



a second container which contains either 

i) a partially single-stranded, partially 



douhle-stranded nucleic acid molecule, or 



20 



ii) a single-stranded nucleic acid molecule, 
said molecule being capai:le of adapting the 3 * 
terminus of a desired molecule to contain an 
inverted repeated sequence; 



and a third containing a recombinase suitable for 



catalyzing the recombination of the recombinational 



25 



site sequence of the first container • 
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